A generalization of BFT method is given in which it is not needed to do a reduction process to separate all second class constraints from first class ones. We have shown that it is better to add auxiliary fields whenever second class constraints emerge. The non-abelian Chern-Simons theory is discussed to demonstrate this approach.
Introduction
The BFT embedding is known as a method for converting second class constraints [1] to first class ones by enlarging the phase space (q, p) to (q, p) (η) in which η's are a set of auxiliary fields [2, 3, 4] . In [5] we showed that it is possible to choose the arbitrary parameters in such a way that the correction series in constraints and Hamiltonian truncate after a few steps. In [6] we show that it is also possible to keep the "chain structure" in the process of embedding.
In this paper, our aim is to find a suitable finite order embedding for non abelian Chern-Simons theory. In constructing the constraints of this model we see that first and second class constraints may mix. So that one should at first perform a reduction process to separate first and second class constraints. This is not special to Chern-Simons theory and may be the case for any constrained system. We show that really it is not needed to run the embedding process after completing the reduction process. In fact, it is better to do the BFT embedding during the process of constructing the constraints, i.e. at any step when second class constraints emerge. As we will see, this evolutionary BFT method is more or less similar to a special approach of investigating the constraint structure in the framework of usual Dirac formalism. According to this approach, when a number of second class constraints are obtained, one should first find the associated Lagrange multipliers, insert them into the total Hamiltonian and then continue the consistency process of remaining constraints.
In section 2 we will give a very brief review of finite order BFT method. In section 3
we study the constraint structure of non abelian Chern Simons theory. In section 4 we show that using an evolutionary BFT method, it is not needed to do a reduction process before embedding.
Brief Review of BFT Formalism
Assume we are given a system described by Hamiltonian H(q, p) and a set of second class constraints, Φ α satisfying the algebra
We define an equal number of auxiliary fields η, with following algebra
The new set of first class constraints and embedded Hamiltonian are defined by
in which τ
In the abelian embedding method these must be involutive
The solution of the above equations can be obtained by vanishing different powers of η.
Substituting Eq. (7) in Eq. (5) one can found the crucial relation of BFT method as
This equation contains two sets of arbitrary parameters χ αβ and ω αβ . The number of independent equations are less than the unknown elements. Therefore there exist an infinite number of solutions for χ. The general solution for τ (n) α can be found as
where
and
Doing a similar calculation forH one obtains
α as the generators of the correction terms of the Hamiltonian are as follows
In [5] we showed that when ∆ αβ are constant, one can consider ω as −∆ and χ equal to unity. This choice will leads to truncating the series in (5) and (6) after some finite steps.
3 The Constraints Structure of Non-Abelian Chern
Simons Theory
The Non-abelian Chern Simons theory in (1+2) dimensions is governed by the Lagrangian
where A a µ are dynamical fields, f abc are the structure constants of some non abelian Lie algebra, ε µνρ refer to the totally antisymmetric tensor and k is a constant. From the definition of canonical momenta three (sets of) primary constraints emerge as follows
The canonical Hamiltonian can be written as
The consistency condition of Φ a0 gives the secondary constraints as follows
No additional constraints are obtained from the consistency of the constraints Φ ai and Φ a3 . It seems that there exists three second class constraints Φ ai and Φ a3 but the number of second class constraints should not be odd. In fact the constraints are reducible and one can combine them to find two second class and two first class constraints as follows 
and then use it for consistency of the remaining constraints. In the present example, the consistency conditions of second class constraints Φ ai determine the Lagrange multipliers
Inserting them in the total Hamiltonian (22) gives
Now using this modified H T the consistency condition of the primary constraint Φ a0 gives
which is the same as Λ a3 in Eq. (21). The chain of constraints are terminated at this step, since consistency of Φ * a3 , using H T in Eq. (24), gives nothing. As a general rule, we deduce that, one can derive the irreducible set of constraints by determination of unknown Lagrange multipliers at each step of consistency and then continued the process of producing the other constraints.
Evolutionary BFT Method
In this section we use the spirit of the method given in the previous section to construct an evolutionary method for BFT embedding. In fact in traditional BFT method one should at first make a complete separation between first and second class constraints. This is done for example for abelian and non abelian Chern Simons theory in [7, 8, 9, 10] However, as we will show in the following, it is not needed to reduce the second class constraints before entering the embedding process. In fact, one can proceed the embedding process and at the same time produce the constraints in a consistent way. In this "evolutionary BFT method", one should add auxiliary fields whenever one encounters second class constraints in order to convert them to first class constraints. In this way, some correction terms should be added to the Hamiltonian as stated in section 1. Then one should continue the process of producing the constraints via consistency conditions using the modified Hamiltonian. In the following we use this method for the non abelian Chern Simons theory.
We found two second class constraints Φ ai among the primary constraints (17). In order to convert them to first class constraints, we embed the phase space in an extended phase space by introduction two auxiliary fields η ai ; i = 1, 2. We demand their algebra to
The crucial equation of BFT method, Eq. (8), will be satisfied by trivial choice χ = 1 as it was mentioned in [5] . The new set of first class constraints are then as follows
The embedded Hamiltonian can be derived as
Now the system is ready to continue the consistency conditions of constraints in order to obtain new constraints. TheΛ ai generate no any new constraints but time evolution of Λ a0 gives the new constraint
Consistency ofΛ a3 gives in the same waỹ
The chain of constraints terminates at this point. So we have one chain including three elements and two chains each including one element where all of them are first class constraints. The above results are also valid for abelian Chern Simons theory by imposing f abc = 0. The embedded abelian Chern-Simons theory is also discussed in [11] in the framework of symplectic structure approach. They have introduced infinite number of auxiliary fields. Here we have constructed the embedded Chern-Simons theory in the more general case of non-abelian theory with only two auxiliary fields.
